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DETAILED ACTION 



Claim Rejections - 35 USC §112 



1 . Claims 24-25 are rejected under 35 U.S.C. 1 12, first paragraph, as containing 
subject matter, which was not described in the specification. 

In claim 24, "the etchant gas consists essentially of a hydrogen-free fluorocarbon 
gas, an oxygen-containing gas and optional carrier gas" is new matter because 
"consists essentially of excludes other materials. The instantly claimed invention does 
not have this negative limitation in the disclosure. Furthermore, the disclosure sets forth 
the C x F y is at least C 4 F 6 (page 6 of the specification, line 8). 

In claim 25, "the etchant gas consists of a hydrogen-free fluorocarbon gas, an 
oxygen-containing gas and optional carrier gas" is new matter because "consists 
essentially of excludes other materials. The instantly claimed invention does not have 
this negative limitation in the disclosure. Furthermore, the disclosure sets forth the C x F y 
is at least C 4 F 6 (page 6 of the specification, line 8). 



2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1-5, 9-12, and 14-25 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Hung et al. (US 6,174,451 B1) in view of Wang et al. (US 6,074,959). 

Hung teaches a method of etching a dielectric layer (e.g., oxide layer) with 
selectivity to an underlying stop layer. A semiconductor substrate is supported in a 
plasma etch reactor. The substrate includes a dielectric layer (e.g., oxide layer) over a 
nitride stop layer (col. 2, lines 24-31; Figs 1 and 2), e.g., SAC structure. An etchant gas 
may be supplied to the plasma etch chamber. Etching openings may be performed in 
the dielectric layer (Fig. 1 ) by energizing the etchant gas into a plasma state. The 
etchant gas may comprise a hydrogen-free fluorocarbon gas represented by C x F y gas 
wherein y/x < 1 .5 (such as C4F6) and carrier gas (such as Ar). See col. 7, TABLE 1 , first 
etch recipe and col. 7, lines 33-56. The main etch (using C4F6) with no CH 2 F 2 may be 
used to etch the entire oxide layer (col. 10, lines 21-24). 

Unlike the claimed invention, Hung does not teach that an oxygen-containing gas 
may be incorporated in the etchant gas for oxide layer ( dielectric layer) etching. In a 
method of plasma etching openings of dielectric layer with high selectivity of dielectric to 
the silicon nitride, Wang teaches that fluorocarbon may be used (Fig 1 ; col. 9, lines 42- 
47). The process may be modified by the addition of carbon monoxide, nitrogen, or 
oxygen, all of which are known to enhance selectivity and increase the etch stop margin 
(col. 10, lines 23-26). Hence, it would have been obvious to one with ordinary skill in the 
art to modify the etchant gas of Hung by adding oxygen as taught by Wang because 
Wang teaches that to do so will enhance selectivity and increase the etch stop margin. 
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As to dependent claim 2, Hung teaches these structures (cot. 1 1 , lines 1 1-30). 

As to dependent claim 3, Hung teaches that the stop layer may be silicon nitride 
and the etch rate selectivity of the dielectric to the silicon nitride is at least 10 (col. 7, 
lines 50-56). 

As to dependent claim 4, Hung teaches doped or undoped silicon oxide layer 
(col. 1, lines 27-33). 

As to dependent claim 5, Hung teaches the limitation (col. 3, lines 12 and 18). 

As to dependent claim 9, 10, 16, and 17, the combined prior art (Hung and 
Wang) teaches C x F y gas (such as C4F 6 ) and oxygen. Hung and Wang are relied on for 
the same reasons as stated, supra. The combined prior art does not teach the ratio of 
flow rates of the said fluorocarbon to oxygen. The instant claims differ from the prior art 
by teaching the ratio of flow rates of the said fluorocarbon to oxygen (such as 0.5:1 to 
5:1 in claims 9 and 16; 1:1 to 2:1 in claims 10 and 17). However, same is known to be 
result-effective variable, it would have been obvious to one of ordinary skilled in the art 
to determine the suitable ratio of flow rates through routine experimentation in the 
combined prior art in order to produce the best etched product achievable. 

As to dependent claim 11, Hung (col. 8, Table 2, main etch) teaches that 
pressure in the plasma etch reactor may be 10 mTorr and temperature of the substrate 
support (e.g., cathode temperature) may be 15 °C, which is within the claimed range. 

Dependent claim 12 differs from the combined prior art by specifying the 
different process parameters (pressure of reactor and temperature of the substrate 
support). However, Hung teaches that the process parameters may vary and 
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dependent on different commercially available plasma reactors (col. 1 1 , lines 43-44). 
Furthermore, same were known to be result-effective variables, it would have been 
obvious to one of ordinary skilled in the art to determine the optimum, operable range of 
process parameters (e.g., pressure of reactor and temperature of the substrate support) 
for different commercially available plasma reactors in the combined prior art in order to 
provide their art recognized advantages and produce an expected result. 

As to dependent claim 14, Wang teaches that fluorocarbon may be used (Fig 1 ; 
col. 9, lines 42-47). The process may be modified by the addition of carbon monoxide 
(CO), which is known to enhance selectivity and increase the etch stop margin (col. 10, 
lines 23-26). Hence, it would have been obvious to one with ordinary skill in the art to 
modify the etchant gas of Hung by adding carbon monoxide as taught by Wang 
because Wang teaches that to do so will enhance selectivity and increase the etch stop 
margin. The combined prior art does not teach that the rate of 50 to 500 seem CO may 
be supplied to the etch reactor. However, same is known to be result-effective variable, 
it would have been obvious to one of ordinary skilled in the art to determine the suitable 
ratio through routine experimentation in the combined prior art in order to produce the 
best etched product achievable. 

As to dependent claim 15, Hung teaches C 4 F 6 (col. 7, line 4). 

As to dependent claim 18, in order to complete the etching of the openings, 
keeping an amount of etchants (e.g., C 4 F 6 and oxygen) sufficient to avoid etch stop 
is considered inherent in the method of combined Hung and Wang. Hung and Wang are 
relied on for the same reasons as stated, supra. 
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As to dependent claims 19-21, Hung teaches that the dielectric layer (oxide 
layer) may be BPSG (col. 1, lines 32-34) and the stop layer may comprise silicon nitride 
(col. 2, lines 29-30). The etch rate selectivity of the oxide layer (e.g., TEOS) to the 
corner portion of the silicon nitride may be 20 (col. 7, lines 51-56). The combined prior 
art (Hung and Wang) teaches C x F y gas (such as C4F 6 ) and oxygen. Hung and Wang are 
relied on for the same reasons as stated, supra. The combined prior art does not teach 
the etch rate selectivity of the BPSG (or dielectric) to nitride (or stop layer) and the ratio 
of the flow rates of 0 2 : C4F6. The instant claims differ from the prior art in the etch rate 
selectivity of the BPSG (or dielectric) to nitride (or the stop layer) ( e.g., at least 1 5 in 
claim 19; greater than 30:1 in claim 21) and the flow rates having a ratio of O2 : C4F6 
(e.g., 0.5 to 1 .2 in claim 20). However, the ratio of the flow rates of O2 : fluorocarbon is 
known to be result-effective variable, it would have been obvious to one of ordinary 
skilled in the art to determine the suitable flow rate ratio of O2 to C4F6 through routine 
experimentation in the combined prior art in order to produce the best etched product 
achievable and desired etch rate selectivity. 

As to dependent claims 22-23, Hung teaches that the main etch with no CH 2 F 2 
may be used to etch the entire oxide layer (col. 10, lines 21-24), and it appears that the 
etchant for etching the entire oxide layer is hydrogen-free. 

As to dependent claims 24 and 25, the combined prior art (Hung and Wang) 
teaches that etchant gas may include a hydrogen-free fluorocarbon gas represented by 
C x F y gas wherein y/x < 1 .5 (such as C4F6), an oxygen containing gas and carrier gas 
(such as Ar), therefore, it would have been obvious to one with ordinary skill in the art to 



Application/Control Number: 09/820,692 Page 7 

Art Unit: 1765 

have the etehant gas consists essentially of (or consist of) a hydrogen-free fluorocarbon 
gas represented by C x F y gas wherein y/x < 1 .5 (such as C4F 6 ), an oxygen containing 
gas and carrier gas (such as Ar). 

4. Claims 6-8 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Hung et al. (US 6,174,451 B1 ) and Wang et al. (US 6,074,959) as applied to claim 
1 above, and further in view of Schmitt (US 6,228,438 B1). 

The discussion of modified Hung and Wang from above is repeated here. 

Hung teaches that his oxide etching process (with nitride stop layer) may use 
commercially available plasma reactors (col. 1 1 , lines 43-44). Therefore, it would have 
been obvious to one with ordinary skill in the art to use popular commercial available 
plasma reactors. Schmitt is relied on only to teach one of the popular commercial 
available plasma reactors with dual frequency capacitively coupled plasma reactor 
including an upper showerhead electrode and a bottom electrode as claimed (see col. 
1, line 15-17; col. 8, lines 1-12). Hence, it would have been obvious to one with ordinary 
skill in the art to use the popular commercial available plasma reactors as disclosed by 
Schmitt in the process of Hung and Wang in order to provide their art recognized 
advantages and produce an expected result. 

As to dependent claims 7 and 8, Hung (col. 7, TABLE I, first etch recipe) teaches 
that the flow rates of 20 seem C 4 F 6 and 100 seem Ar may be used, which is within the 
claimed range. Hung, Wang and Schmitt are relied on for the same reasons as stated, 
supra. The combined prior does not disclose the flow rate of oxygen (0 2 ) for the 
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process. However, same is known to be result-effective variable, it would have been 
obvious to one of ordinary skilled in the art to determine the suitable flow rate of oxygen 
(0 2 ) for the process through routine experimentation in the combined prior art in order to 
produce the best-etched product achievable. 

As to dependent claim 13, Hung, Wang and Schmitt are relied on for the same 
reasons as stated, supra. The combined prior art does not disclose the range of RF 
energy being supplied into the process. The instant claim differs from the combined 
prior art by specifying showerhead electrode and bottom electrode being supplied 0 to 
3000 watts of RF energy. However, it is merely a matter of choice of engineering 
depending on product requirement. One skilled in the art at the time of the invention 
would have found it obvious to apply engineering practice to determine the range of RF 
energy suitable for the process and the specific product requirement in order to provide 
their art recognized advantages and produce the best-etched product achievable. It is 
noted that applicant did not traverse the aforementioned conventionality of features, 
which have been stated in the office action in Paper No.7. 

5. Claims 1-5, 9-12, and 14-25 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Kadomura (US 5,366,590) in view of Wang et al. (US 6,074,959). 

Kadomura teaches a method of etching a dielectric layer) with selectivity to an 
underlying stop layer. A semiconductor substrate is supported in a plasma etch reactor. 
The substrate includes a dielectric layer (e.g., oxide layer) over a nitride stop layer. An 
etchant gas may be supplied to the plasma etch chamber. Etching openings may be 
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performed in the dielectric layer by energizing the etchant gas into a plasma state. The 
etchant gas may comprise a hydrogen-free fluorocarbon gas represented by C x F y gas 
wherein y/x < 1 .5 (such as C 4 F 6 or C 6 F 6 ). See col. 4, lines 4-42 and col. 5 line 60 
through col. 6, lines 46. 

Unlike the claimed invention, Kadomura does not teach that an oxygen- 
containing gas may be incorporated in the etchant gas for oxide layer ( dielectric layer) 
etching. In a method of plasma etching openings of dielectric layer with high selectivity 
of dielectric to the silicon nitride, Wang teaches that fluorocarbon may be used (Fig 1 ; 
col. 9, lines 42-47). The process may be modified by the addition of carbon monoxide, 
nitrogen, or oxygen, all of which are known to enhance selectivity and increase the etch 
stop margin (col. 10, lines 23-26). Hence, it would have been obvious to one with 
ordinary skill in the art to modify the etchant gas of Kadomura by adding oxygen as 
taught by Wang because Wang teaches that to do so will enhance selectivity and 
increase the etch stop margin. 

As to dependent claim 9, 10, 16, and 17, the combined prior art (Kadomura and 
Wang) teaches C x F y gas and oxygen. Kadomura and Wang are relied on for the same 
reasons as stated, supra. The combined prior art does not teach the ratio of flow rates 
of the said fluorocarbon to oxygen. The instant claims differ from the prior art by 
teaching the ratio of flow rates of the said fluorocarbon to oxygen (such as 0.5:1 to 5:1 
in claims 9 and 16; 1:1 to 2:1 in claims 10 and 17). However, same is known to be 
result-effective variable, it would have been obvious to one of ordinary skilled in the art 
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to determine the suitable ratio of flow rates through routine experimentation in the 
combined prior art in order to produce the best etched product achievable. 

Dependent claims 1 1 and 12 differ from the combined prior art by specifying the 
different process parameters (such pressure of reactor and temperature of the 
substrate support). However, same were known to be result-effective variables, it would 
have been obvious to one of ordinary skilled iri the art to determine the optimum, 
operable range of process parameters (e.g., pressure of reactor and temperature of the 
substrate support) for different commercially available plasma reactors in the combined 
prior art in order to provide their art recognized advantages and produce an expected 
result. 

As to dependent claim 14, Wang teaches that fluorocarbon may be used (Fig 1 ; 
col. 9, lines 42-47). The process may be modified by the addition of carbon monoxide 
(CO), which is known to enhance selectivity and increase the etch stop margin (col. 10, 
lines 23-26). Hence, it would have been obvious to one with ordinary skill in the art to 
modify the etchant gas of Kadomura by adding carbon monoxide as taught by Wang 
because Wang teaches that to do so will enhance selectivity and increase the etch stop 
margin. The combined prior art does not teach that the rate of 50 to 500 seem CO may 
be supplied to the etch reactor. However, same is known to be result-effective variable, 
it would have been obvious to one of ordinary skilled in the art to determine the suitable 
ratio through routine experimentation in the combined prior art in order to produce the 
best etched product achievable. 
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As to dependent claim 18, in order to complete the etching of the openings, 
keeping an amount of etchants sufficient to avoid etch stop is considered inherent in the 
method of combined Kadomura and Wang. Kadomura and Wang are relied on for the 
same reasons as stated, supra. 

As to dependent claims 19-21, It is well known in the art of semiconductor device 
fabrication that the dielectric layer (oxide layer) may be BPSG or silicon dioxide and 
etching characteristics are equivalent, the substitution of one for the other would have 
expected to provide similar result. The combined prior art teaches C x F y gas (such as 
C4F 6 or C4F6) and oxygen. Kadomura and Wang are relied on for the same reasons as . 
stated, supra. The combined prior art does not teach the etch rate selectivity of the 
BPSG (or dielectric) to nitride (or stop layer) and the ratio of the flow rates of 0 2 : C 4 F 6 . 
The instant claims differ from the prior art in the etch rate selectivity of the BPSG (or 
dielectric) to nitride (or the stop layer) ( e.g., at least 15 in claim 19; greater than 30:1 in 
claim 21 ) and the flow rates having a ratio of 0 2 : C 4 F 6 (e.g., 0.5 to 1 .2 in claim 20). 
However, the ratio of the flow rates of 0 2 : fluorocarbon is known to be result-effective 
variable, it would have been obvious to one of ordinary skilled in the art to determine the 
suitable flow rate ratio of 0 2 to C 4 F 6 through routine experimentation in the combined 
prior art in order to produce the best etched product achievable and desired etch rate 
selectivity. 

As to dependent claims 24 and 25, the combined prior art (Kadomura and Wang) 
teaches that etchant gas may include a hydrogen-free fluorocarbon gas represented by 
C x F y gas wherein y/x < 1 .5 (such as C 6 F 6 ), an oxygen containing gas and carrier gas, 
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therefore, it would have been obvious to one with ordinary skill in the art to have the 
etchant gas consists essentially of (or consist of) a hydrogen-free fluorocarbon gas 
represented by C x F y gas wherein y/x < 1 .5 (such as C 6 F 6 ), an oxygen containing gas 
and carrier gas. 

6. Claims 6-8 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kadomura (US 5,366,590) and Wang et al. (US 6,074,959) as applied to claim 1 
above, and further in view of Schmitt'(US 6,228,438 B1). 

The discussion of modified Kadomura and Wang from above is repeated here. 

Kadomura teaches that his oxide etching process (with nitride stop layer) may 
use commercially available plasma reactors. Therefore, it would have been obvious to 
one with ordinary skill in the art to use popular commercial available plasma reactors. 
Schmitt is relied on only to teach one of the popular commercial available plasma 
reactors with dual frequency capacitively coupled plasma reactor including an upper 
showerhead electrode and a bottom electrode as claimed (see col. 1, line 15-17; col. 8, 
lines 1-12). Hence, it would have been obvious to one with ordinary skill in the art to use 
the popular commercial available plasma reactors as disclosed by Schmitt in the 
process of Kadomura and Wang in order to provide their art recognized advantages and 
produce an expected result. 

The combined prior does not disclose the flow rate of oxygen (0 2 ) for the 
process. However, same is known to be result-effective variable, it would have been 
obvious to one of ordinary skilled in the art to determine the suitable flow rate of oxygen 
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(O2) for the process through routine experimentation in the combined prior art in order to 
produce the best-etched product achievable. 

As to dependent claim 13, Kadomura, Wang and Schmitt are relied on for the 
same reasons as stated, supra. The combined prior art does not disclose the range of 
RF energy being supplied into the process. The instant claim differs from the combined 
prior art by specifying showerhead electrode and bottom electrode being supplied 0 to 
3000 watts of RF energy. However, it is merely a matter of choice of engineering 
depending on product requirement. One skilled in the art at the time of the invention 
would have found it obvious to apply engineering practice to determine the range of RF 
energy suitable for the process and the specific product requirement in order to provide 
their art recognized advantages and produce the best-etched product achievable. 

Response to Arguments 

7. Applicant's arguments filed on July 23, 2003 have been fully considered but they 
are not persuasive. 

Applicant has argued that Hung teaches away from using an oxygen-containing 
gas in etching a dielectric layer with selectivity to an underlying nitride. This is incorrect. 
Hung teaches etching oxide layer (e.g., dielectric), with nitride as a stop layer, using 
hydrogen-free fluorocarbon (e.g., C 4 F 6 ). After oxide etching, nitride laver mav be etched 
using CH 2 F 2 , Ar, and oxygen, and oxygen destroys any nitride selectivity because at 
this time Hung is etching nitride with different chemistry (e.g.. CH7F9 a hydrogen- 
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containing fluorocarbon) . it is irrelevant to previous etching of oxide overlying nitride 
stop layer using hydrogen-free fluorocarbon (e.g., C 4 F 6 ). Furthermore, as stated in the 
office action, Wang teaches that the addition of carbon monoxide, nitrogen, or oxygen, 
all of which are known to enhance selectivity and increase the etch stop margin (col. 10, 
lines 23-26). Hence, it would have been obvious to one with ordinary skill in the art to 
modify the etchant gas of Hung by adding oxygen as taught by Wang because Wang 
teaches that to do so will enhance selectivity and increase the etch stop margin. 

Applicant has argued that Kadomura teaches using a fluorocarbon gas and C0 2 
in col. 2, lines 16-30. In fact, Kadomura simply describes some related prior art in col. 2, 
lines 16-30, which is not Kadomura's claimed invention. 

Applicant has argued that no motivation to combine Wang with Kadomura. It is 
not persuasive. As stated in the office action, Wang teaches that the addition of carbon 
monoxide, nitrogen, or oxygen, all of which are known to enhance selectivity and 
increase the etch stop margin (col. 10, lines 23-26). Hence, it would have been obvious 
to one with ordinary skill in the art to modify the etchant gas of Kadomura by adding 
oxygen as taught by Wang because Wang teaches that to do so will enhance selectivity 
and increase the etch stop margin. 

Conclusion 



8. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expirejater 
than SIX MONTHS from the mailing date of this final action. 

9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kin-Chan Chen whose telephone number is (703) 305- 
0222. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine Norton can be reached on (703) 305-2667. The fax phone number 
for the organization where this application or proceeding is assigned is (703) 872-9306. 
Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703)^308-2934. 

Kin-Chan Chen 
Primary Examiner 
Art Unit 1765 



